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INTRODUCTION 
 
         A correlation of coronary artery disease (CAD) with atherosclerosis of 
peripheral arteries and the determination of noninvasive indexes for its existence 
and extent have been sought by many researchers. Some studies 4-7 report that the 
intima-media thickness (IMT) of peripheral arteries obtained by B-mode 
ultrasound could play this role, even though more reliable indexes exist only for 
the carotid artery.3 
 
              Non-invasive assessment of intima–media thickness of the carotid arteries 
by high-resolution B-mode ultrasonography is widely used in observational studies 
and trials as an intermediate or proxy measure of generalized atherosclerosis 9-12. 
Increased common carotid intima–media thickness has been associated with 
unfavourable levels of established cardiovascular risk factors, prevalent 
cardiovascular disease and atherosclerosis elsewhere in the arterial system13-14. In 
recent studies, common carotid intima–media thickness has also been found to be 
associated with the risk of incident stroke and myocardial infarction15-18. 
 
         Data on cardiovascular risk associated with bifurcation intima–media 
thickness and internal carotid intima–media thickness are sparse. In a recent paper 
from the Cardiovascular Health Study, the associations of internal carotid intima–
media thickness with myocardial infarction and stroke were as strong as those for 
common carotid intima–media thickness 19. 
 
       Other studies8,9 have claimed that a morphologic classification of carotid and 
femoral arterial wall changes detected by high-resolution ultrasound may be an 
early and accurate indicator of global atherosclerotic disease. However, the 
majority of the above studies are fragmentary and involve different patient 
populations, most of them having clinically manifested peripheral arterial disease. 
Additionally, the 
precise relationship between the extent of subclinical atherosclerotic disease of 
peripheral arteries and the existence and severity of CAD has not been well 
evaluated.3 
 
              In this study we attempt  to evaluate the association  of increased intimal 
medial thickness in carotid and aorta with coronary aretery disesease and find out 
whether it can be used as a noninvasive marker for the same. 
 
 
 
 
 
 
 
 
     AIMS AND OBJECTIVES  
1. To assess utility of measurement of carotid and aortic intima-media 
thickness as a predictor of coronary artery disease using carotid artery 
Doppler and transesophageal echocardiography 
2. To assess the relationship between diabetes, hypertension , smoking status 
and lipid profile on intima media thickness. 
3. To assess the relationship between age and intima media thickness.. 
 REVIEW OF LITRATURE: 
 
              Atherosclerosis is the leading cause of death and disability in the 
developed world and fast catching up in the developing countries. Despite our 
familiarity with the disease its fundamental characteristics remain poorly 
recognized and understood. Although many generalized or systemic risk factors 
predispose to its development.Preferential involvement of specific regions of 
circulation leads to distinct clinical manifestations depending on the circulatiory 
bed affected. Atherosclerosis of the coronary arteries causes myocardial infarction 
and  angina pectoris. Atherosclerosis of the arteries supplying the central nervous 
system frequently cause stroke and transient ischemic attacks. In the peripheral 
circulation atherosclerosis causes intermittent claudication and gangrene. 
Involvement of splanchic circulation can cause mesenteric ischemia. 
Atherosclerosis can affect the  kidney either  directly (RAS ) or as a frequent site 
of atheroembolic disease.   
         Within a given vascular bed atherosclerosis tends to occur focally typically in 
certain predisposed regions. In coronary circulation for example the proximal LAD 
artery exhibits a particular predilection for  atherosclerotic  occlusive disease. 
Likewise atherosclerosis affects  preferentially the proximal portions of renal 
arteries and in the extracranial circulation to the brain, the carotid bifurcation.  
         Atherosclerotic lesions often form at the branching points of the arteries, 
regions of disturbed blood flow. Ectasia and development of aneurysmal disease 
frequently occur in aorta and is also a manifestation of atherosclerosis.  
         Atherosclerosis manifests itself focally not only in space, but in time as well. 
In humans it typically occurs over a period of many years usually many decades. 
After a generally prolonged silent period atherosclerosis may become clinically 
manifest. The clinical  expressions of atherosclerosis may be chronic like stable 
effort induced  angina or a much more dramatic acute event like myocardial 
infarction or a cerebrovascular accident. 
         The prospective community based Framingham heart study provided 
vigorous support for the concept that hypercholesterolaemia, hypertension and 
other risk factors correlated with cardiovascular risk. The major risk factors for 
atherosclerosis are: smoking, hypertension(>140/90 ), hypercholesterolaemia 
(LDL), low HDL (<40mg/dl),diabetes mellitus, family history of premature CHD, 
age (M>45, F>55),obesity, physical inactivity, atherogenic diet. The emerging risk 
factors are: Lp(a), homocysteine, prothrombotic factors, proinflammatory factors. 
From a practical view point the cardiovascular risk factors fall into two categories: 
those modifiable by life style and/ or pharmacotherapy and those that are 
essentially unmodifiable.  
                Despite the declining age adjusted rate of coronary death cardiovascular 
mortality is on the rise due to the ageing of the population overall. there is a 
powerful global trend towards increased atherosclerotic disease. Enormous 
challenges remain regarding translation of the current evidence base into practice. 
Practitioners must learn how to help individuals adopt a healthy lifestyle and learn 
to  deploy  increasingly powerful pharmacological tools more economically and 
effectively.1 
 
  
CORONARY ATHEROSCLEROSIS 
              Epicardial coronary arteries are the major site of atherosclerotic disease. 
The major risk factors for atherosclerosis [high plasma low-density lipoprotein 
(LDL), low plasma high-density lipoprotein (HDL), cigarette smoking, 
hypertension, and diabetes mellitus disturb the normal functions of the vascular 
endothelium. These functions include local control of vascular tone, maintenance 
of an anticoagulant surface, and defense against inflammatory cells. The loss of 
these defenses leads to  inappropriate constriction, luminal clot formation, and 
abnormal interactions with blood monocytes and platelets. The latter results in the  
subintimal collections of fat, smooth-muscle cells, fibroblasts, and intercellular 
matrix (i.e., atherosclerotic plaques), which develop at irregular rates in different 
segments of the epicardial coronary tree and lead eventually to segmental 
reductions in cross-sectional area. When a stenosis reduces the cross-sectional area 
by ~75%, a full range of increases in flow to meet increased myocardial demand is 
not possible. When the luminal area is reduced by 80%, blood flow at rest may 
 be reduced, and further minor decreases in the stenotic orifice can reduce coronary 
flow dramatically and cause myocardial ischemia. 
          Segmental atherosclerotic narrowing of epicardial coronary arteries is caused 
most commonly by the formation of a plaque, which is subject to fissuring, 
erosion, hemorrhage, and thrombosis. Any of these events can  temporarily worsen 
the obstruction, reduce coronary blood flow, and cause clinical manifestations of 
myocardial ischemia. Critical obstructions in vessels such as the left main coronary 
artery or the proximal left anterior descending coronary artery are particularly 
hazardous. Severe coronary narrowing and myocardial ischemia are  frequently 
accompanied by the development of collateral vessels,  especially when the 
narrowing develops gradually. When well developed, such vessels can, by 
themselves, provide sufficient blood flow to sustain the viability of the 
myocardium at rest but not during  conditions of increased demand. In these 
circumstances ischemia, manifest clinically by angina or electrocardiographically 
by ST-segment  depression, can be precipitated by increases in myocardial oxygen 
demands caused by physical activity, emotional stress, and/or tachycardia.1g 
raphy 
CORONARY ANGIOGRAPHY 
        In general diagnostic cardiac catheterization is indicated whenever it is 
clinically important to define the presence or severity of a suspected cardiac lesion 
that cannot be adequately evaluated by noninvasive techniques. The guidelines for 
diagnostic coronary angiography have been developed by a joint task force of the 
ACC/AHA 
Indications for coronary angiography 
     Coronary arteriography can establish the presence or absence of coronary 
stenosis, define therapeutic options and determine prognosis of patients with 
ischemic heart disease. 
        Patients with suspected CAD who have severe stable angina (Canadian 
Cardiovascular Society [CCS] class III or IV) or those who have less severe 
symptoms or are asymptomatic but demonstrate “high risk” criteria for adverse 
outcome on non invasive testing should undergo coronary angiography. High risk 
features include resting or exercise induced left ventricular dysfunction 
(LVEF<35%) or a standard exercise test demonstrating hypotension or 1-2 mm or 
more ST segment depression associated with decreased exercise capacity. Stress 
imaging that demonstrates a moderate or large perfusion defect (particularly in the 
anterior wall), multiple defects, a large fixed perfusion defect with left ventricular 
dilation or increased lung uptake or extensive stress or dobutamine induced wall 
motion abnormalities also indicate high risk for an adverse outcome. Patients 
resuscited from sudden cardiac death particularly those with residual ventricular 
arrhythmias are also candidates for coronary angiography, given the favourable 
outcomes associated with revascularization in these patients. In the absence of 
symptoms and signs of ischemia, the presence of coronary calcification on 
fluoroscopy and high calcium score by CT scan are not indications for coronary 
angiography. 
          Patients with unstable angina who develop recurrent symptoms despite 
medical therapy or who are at intermediate or high risk for subsequent death or MI 
are also candidates for coronary angiography. High risk features include prolonged 
ongoing chest pain (>20mins), pulmonary edema, worsening mitral regurgitation, 
dynamic ST segment depression of 1mm or more and hypotension. Intermediate 
risk factors include angina at rest(>20 mins) relieved with rest or sublingual 
nitroglycerine, angina associated with dynamic electrocardiographic changes,  
recent onset angina with a high likelihood of CAD, pathological Q waves or ST 
segment depression <1mm in multiple leads and age older than 65 years. 
           Patients with a STEMI, non STEMI or unstable angina who develops 
spontaneous ischemia; or with ischemia at minimal workload; or who have MI 
complicated by congestive cardiac failure, hemodynamic instability, cardiac arrest, 
mitral regurgitation or ventricular septal rupture should undergo coronary 
arteriography. Patients with angina or provocable ischemia after MI should also 
undergo coronary arteriography because revascularization may reduce the high risk 
of reinfarction.  
         Patients who present with chest pain of unclear etiology, particularly those 
who have high risk criteria on non invasive testing,  may benefit from coronary 
arteriography to diagnose or exclude the presence of significant CAD. Patients 
who have undergone prior revascularization should undergo coronary 
arteriography if there is suspicion of abrupt vessel closure or when recurrent 
angina develops that meets high risk non invasive criteria. 
         Coronary angiography should be performed in patients undergoing non 
cardiac surgery who demonstrate high risk criteria on non invasive testing, have 
angina unresponsive to medical therapy, develop unstable angina, or have 
equivocal non invasive test results and are scheduled to undergo high risk surgery. 
Coronary angiography is also recommended for patients who are to undergo 
surgery for valvular heart disease or congenital heart disease, particularly those 
with multiple cardiac risk factors and those with infective endocarditis and 
evidence of coronary embolization. 
         Coronary angiography should be performed annually in patients after cardiac 
transplantation because of the characteristically diffuse and often asymptomatic 
nature of graft atherosclerosis. Coronary angiography is useful in potential donors 
for cardiac transplantation whose age and risk profile increases the likelihood of 
CAD. It provides important diagnostic information about the presence of CAD in 
patients with intractable arrhythmias in patients who present with dilated 
cardiomyopathy of unknown etiology. 
 
Contraindications for coronary angiography 
 
           Relative contraindications include unexplained fever, untreated infection, 
severe anaemia (Hb<8g%), severe electrolyte imbalance, severe active bleeding, 
uncontrolled hypertension, digitalis toxicity, previous contrast reaction, but no 
pretreatment with corticosteroids, ongoing stroke, acute renal failure, 
decompensated CHF, severe intrinsic or iatrogenic coagulopathy(INR>2) and 
active endocarditis. Advanced age is also a risk factor for severe complications. 
Arterial nomenclature and extent of disease 
 
             The coronary artery surgery (CASS) investigators established the 
nomenclature most commonly used to describe coronary anatomy, defining 27 
segments inthree major coronary arteries. The by pass angioplasty 
revascularization investigators (BARI) modified the criteria by addition of two 
segments for the ramus intermedius and the third diagonal branch. In this system 
the three major coronary arteries include the left anterior descending(LAD), left 
circumflex(LCx) and RCA with a right dominant,  balanced, left dominant .CAD is 
defined as more than 50% diameter stenosis in one or more of these vessel. 
Subcritical stenosis of <50% are best characterized as nonobstructive CAD. 
Obstructive CAD is classified as one, two, three vessel disease. A number of 
jeopardy scores were developed to quantitate plaque burden, predict clinical 
outcomes, and identify risk factors for atherosclerosis and its progression. The 
Califf scoring system divided the coronary circulation into six segments with two 
points allotted for each coronary stenosis of 75% or more(score range 0-12).The 
Gensini scoring system used an ordinal ranking based on stenosis severity in 11 
coronary segments(score range 0-72).The Candell-Riera scoring system used an 
ordinal ranking (from 1-5) of 13 coronary segments(score range 0- 65).2                                       
EXERCISE STRESS TEST :  
 
       The AHA/ACC guidelines discourage routine exercise testing for 
asymptomatic persons without known coronary artery disease. The guidelines 
support exercise testing among asymptomatic persons only in diabetics who are 
about to start vigorous exercise programs owing to the high risk of atherosclerotic 
disease in this population. 
 The treadmill protocol should be consistent, with the patient’s physical 
capacity and the purpose of the test. In healthy individuals the standard “Bruce” 
protocol is popular, and large diagnostic and prognostic data base has been 
published using this protocol.  
The Bruce multistage maximal treadmill protocol has 3 min periods to allow 
achievement of a steady state before workload is increased. In older individuals 
(or) those whose exercise capacity is limited by cardiac disease, the protocol can be 
modified by two 3 minutes warming up stages at 1.7 miles per hour and with 0 
percent grade and 1.7Mph and 5% grade.  
 
Types of ST Segment displacement in treadmill: 
In normal persons the PR, QRS and QT intervals shorten as heart rate 
increases - ‘P’ amplitude increases and the PR segment becomes progressively 
more down slopping in the inferior leads.  
 
‘J’ (Junctional) point depression is a normal finding during exercise. In 
patients with myocardial ischemia, however the ST segment usually becomes more 
horizontal as the severity of the ischemic response worsens. With progressive 
exercise the depth of the ST segment depression may increase, involving more 
ECG leads and the patient may develop angina.  
 
In the immediate post recovery part the ST segment, displacement may 
persist with down slopping ST segments and ‘T’ wave inversion, gradually 
returning to baseline after 5-10 min. In about 10% of patients the ischemic 
response may appear only in the recovery phase.  
 
The eight different ECG patterns seen during exercise testing.  
1. The Normal and rapid upsloping ST segment responses are normal 
responses to exercise  
2. J Point depression with rapid upsloping ST segments is a common response 
in an older, apparently healthy population. 
3. Minor ST depression can occur occasionally at sub maximal workloads in 
patients with coronary disease; in this illustration, the ST segment is 
depressed 0.09mV (0.9mm) 80 msec after the J point. 
4. The slow upsloping ST segment pattern often demonstrates an ischemic 
response in patients with known coronary disease or those with a high 
pretest clinical risk of coronary disease. Criteria for slow upsloping ST 
segment depression include J point and ST 80 depression of 0.15mV or more 
and ST segment slope of more than 1.0mV/sec. 
5. Classic criteria for myocardial ischemia include horizontal ST segment 
depression observed when both the J point and ST 80 depression are 0.1 mV 
or more and ST segment slope is within the range of 1.0mV/sec. 
6. Downsloping ST segment depression occurs when the J point and ST 80 
depression are 0.1mV and ST segment slope is -1.0mV/sec. 
7. ST segment elevation in a non-Q wave noninfarct lead occurs when the J 
point and ST 60 are 1.0mV or greater and represents a severe ischemic 
response. 
8. ST segment elevation in an infarct territory (Q wave lead) indicates a severe 
wall motion abnormality and in most cases is not considered an ischemic 
response. 
 
B MODE IMAGING: 
 
        Ultrasound imaging is done using “pulse echo techniques”. An ultrasonic 
transducer is placed in contact with the skin. The transducer repeatedly emits brief 
pulses of sound at a fixed rate called the pulse repetition sequencing. After 
transmitting each pulse the transducer waits for the echoes from the interfaces 
along the sound beam path. Echo signals picked up by the transducer are amplified 
and processed into a format suitable for display. The distance to a reflector is 
determined from the arrival time of its echo. Thus d=ct/2 where d is the depth of 
the interface. T is the echo arrival time and c is the speed of sound in tissue.The 
factor 2 accounts for the round trip journey of the sound pulse and echo. The 
aforementioned equation is called the range equation in ultrasound imaging. The 
speed of sound 1540m/s is assumed in most scanners when calculating and 
displaying reflector depths from echo arrival times. The corresponding echo arrival 
time is 13mcs/cm of distance to the reflector. 
 
        To create images pulses of image are transmitted along various beam lines. 
Each followed by reception and processing of resultant echo signals. Imaging is 
done with transduces arrays where echo signals are acquired by individual 
elements and are combined within a beam former into a single signal for each 
beam line. Following a beam former, echo signal processing for imaging consists 
of amplifying the signals; applying time gain compensation to offset the effects of 
beam attenuation; applying nonlinear logarithmic amplification to compress the 
wide range of echo signal amplitudes into a range that can be displayed effectively 
into a monitor; demodulation which forms single spike like signal for each echo; 
and B mode processing. The b mode display is used in imaging.20  
   
        Sclerotic and ageing changes in all cardiovascular stem of human is well 
reflected by the status and structure of arteria carotis22,23. This artery is well 
accessible by ultrasonic investigation and also is the main vessel supplying blood 
to the brain. Therefore ultrasonic investigation of arteria carotis (AC) has been the 
target of numerous attempts. Findings in the structure of AC walls are very actual 
in anticipating of possible changes of coronary arteries, especially when there are 
no other symptoms of coronary ischemia24,25. AC wall structure and thickness are 
good indicators for estimation of risk for stroke and myocardial infarction 24. There 
are many additional relations established between AC state from one side and 
diabetes, high blood pressure, early sclerosis overweight and other pathologies 
from the other 15,26. 
 
        The main changes in AC can be observed in the wall structure, which in its 
turn can be roughly divided into inner layer, contacting with blood (intima), middle 
layer of the wall (media) and outer layer (adventitia). Intima and media thickness 
(IMT) is recognized to be one of the most informative parameters for differential 
diagnosis. Changes in thickness are observed well in advance of sclerotic plaque 
appearance, thus enabling early diagnosis of sclerosis27. Sclerotic damage of 
vascular system manifests itself by thickening of intima layer which is thin for 
young and healthy persons. Media of the AC wall consists mainly from spiral 
fibres of muscles and also is dependent on ability of arteries to support the blood 
flow and to react on stress factors. 
 
        Ultrasonography of AC including measurement of intima and media thickness 
is a good mean for ischemic disease prediction, diagnosis and treatment 
control28,29.The main problem in diagnostics of the state of AC is insufficient 
precision of intima and media thickness measurements, since this defines all 
diagnostic reliability. Two layers are to be clearly separated because high blood 
pressure causes thickening (hypertrophy) of media, while arteriosclerosis causes 
hypertrophy of intima. For differential diagnosis therefore is very important clear 
distinction of two layers as well as accurate measurement of absolute thickness. 
 
Structure of carotid artery and acoustical model 
 
          Prior to ultrasonic investigation of structure of AC walls anatomical 
structure should be related to the acoustical model. Ultrasonic echoscopy is based 
on reflection and scattering of incident ultrasonic pulses by changes of acoustical 
impedance of the object under investigation. Relation between anatomic and 
acoustic layers (changes in acoustic impedance) was established30,31 and potential 
possibility to measure thickness was proven. 
 
         Since an ultrasonic transducer beam hits the artery from one side zones of 
adventitia, media, intima consequently causes reflections. More convenient for 
thickness measurements are the AC wall on the far side from the transducer. Both 
walls can be measured simultaneously, or the high frequency transducer can be 
effectively used near wall of  artery. The far wall has better reflections due to the 
interface blood–intima-media-adventitia acoustics impedance sequence, what is 
seen in Fig. 1. Common AC (before it’s bifurcation on its upper end) is accessible 
within about 10cm along the artery. Therefore longitudinal variances of intima-
media thickness can be measured or (with some assumptions) longitudinal 
information can be used for averaging of measurement results. Anyway repeatable 
measurements raise the accuracy32. The general purpose echoscopy systems are 
usually used for the arteria carotis examinations. It is because transducers of these 
systems are suitable for such investigations. The 7-8 MHz linear scanning 
transducers are usually used for carotid artery examinations.  
 
          Both A and B scanning methods can be used for ultrasonic investigations. B 
scan is used more frequently, since it gives overall view of the artery and general 
picture can be obtained for a quite long segment of the vessel. 
 
          Median population values of intima-media thickness range between 0.5 – 0.9 
mm20. IMT is thickening with age with 0.01 to 0.3 mm per year. The theoretical 
axial resolution of a 7 MHz transducer is about 0.3 mm. If IMT is thinner than 0.3 
mm, the two echo interfaces cannot be clearly separated. If IMT is thicker than 
0.3mm, thickness can be measured directly.30 
 
          Overall thickness of intima and media layers is the most important 
diagnostic parameter. However thickness of separate layers would be useful for 
some kinds of pathological differentiation. Since boundary between media and 
intima isn’t well demarcated in terms of acoustic parameters, in most cases intima-
media layer thickness is taken into consideration.21 
 
           B-mode ultrasound is a noninvasive method of examining the walls of 
peripheral arteries and provides measures of intima-media thickness (IMT), 
presence of stenosis, and presence of plaques.34,35 The IMT corresponds to the 
intima media complex, which comprises endothelial cells, connective tissue, and 
smooth muscle and is the site of lipid deposition in plaque formation.36 
 
           In healthy adults, IMT ranges from 0.25 to 1.5 mm, and values above 1.0 
mm are often regarded as abnormal.36 IMT has been proposed as a quantitative 
index of atherosclerosis of value in monitoring disease progression and the effects 
of treatment and as a surrogate end point in clinical trials.38 The validity of IMT for 
these purposes has been assessed by making comparisons of mean IMT in people 
with and without clinical evidence of CVD39-41 and discriminatory ability has been 
demonstrated. Epidemiological studies, which are less prone to bias inherent in 
clinical case series, have reported associations between a range of cardiovascular 
risk factors (smoking, blood pressure, elevated blood cholesterol) and IMT. 37,42-46 
 
           Age is one of the most powerful determinants of IMT, with increases of 
from 0.01 to 0.02 mm per year,35,42 and consequently may confound comparisons 
of IMT made between groups if appropriate age adjustment is not made. 
 
          Reported findings have demonstrated inconsistent associations between 
IMT, risk factors, and clinical disease37,47-48 and have also highlighted the 
importance of the presence and severity of arterial wall plaque as determinants of 
clinical events.49 Some of this variation in findings is likely to be due to the method 
of measuring IMT: mean bifurcation, mean bulb origin, mean common carotid, 
mean internal carotid, and combinations of these. Correlations between these 
different approaches are reported to be high. It has been suggested that 
measurement of IMT at the “common carotid artery alone, particularly for studies 
of association of risk factors with carotid arterial disease, cohort studies, or clinical 
trials, in that it, too, is associated with the status of coronary atherosclerosis” is a 
reasonable alternative to more detailed and technically difficult measurement at 
other sites.50 However, plaque formation is not common in the common carotid 
artery. Since thicker IMT bifurcation and bulb origin values tend to  occur in 
people who also have plaques51, it is possible that presence or absence of plaque, 
and not IMT at either the common carotid or bifurcation sites, is the more relevant 
indicator of early atherosclerosis. 
 
TRANSESOPHAGEAL ECHOCARDIOGRAPHY  : 
 
            Transesophageal echocardiography is complementary to transthoracic 
echocardiography in some situations (evaluation of infective endocarditis) and has 
supplanted transthoracic approach in others (detection of left atrial thrombi).The 
close proximity of the esophagus to the posterior wall of the heart makes it ideal 
for examining many important structures.The closeness and absence of intervening 
tissues  such as lung and bone ensure high quality imaging . 
 
         Atherosclerosis of the aorta is frequently encountered during the procedure. It 
is most common with advanced age , hypertension, elevated cholesterol. Atheroma 
of aorta is characterized by its location and topographic characteristics. It is most 
common in descending thoracic aorta and arch and less frequently encountered in 
ascending aorta. 
          Atheroma can be characterized as symmetric and cresentric protruding or 
complex. Symmetric atheroma creates smooth homogeneous filling defect 
associated with increased intimal thickness and areas of calcification. The normal 
aortic intimal medial thickness has been considered to be ≤ 1.0mm.74 With 
advancing age and varying degrees of atherosclerosis, distensibility and pulsatility 
of  aorta diminishes. These changes have been suggested as early pre 
atherosclerotic changes and might be used as a marker for atherosclerosis.  
 
         It is generally a safe and well tolerated procedure. Complications are rare  but 
include aspiration ,arrhythmia, perforation of the esophagus, laryngospasm and 
hematemesis. Complications fro m effects of medications administered may be 
hypotension, hypertension or hypoxia. The patient should be thoroughly informed 
about the indication and complications of the procedure. Informed consent should 
be obtained. Patient should fast 4 to 6 hrs before undergoing the procedure.Any 
history of dysphagia or other esophageal abnormalities should be sought. All 
patients should have IV access and both supplemental oxygen and suction should 
be available. Topical anaesthetic might be used make the posterior wall of the 
pharynx numb.      To perform the procedure, patient is placed in left lateral 
decubitus position. The head of the bed is elevated to about 30 degrees to help 
avoid aspiration. If the patient has dentures they should be removed. A bite block 
is placed between the teeth. The probe is then introduced into the oropharynx and 
gently advanced. The patient is asked to swallow to facilitate intubation.52 
 
    
 
 
  MATERIALS AND  
       METHODS 
 
 MATERIALS AND METHODS 
 
PLACE OF STUDY; Institute of internal medicine, Department of  cardiology 
and Barnard institute of radiology, GGH, MMC 
 
COLLABORATIVE DEPT; Cardiology, Radiology 
 
STUDY DESIGN; Cross sectional and analytical study 
ETHICAL COMMITTEE CLEARANCE: Obtained 
PERIOD OF STUDY; January 07 to September 07 
INCLUSION CRITERIA; Age > 40yrs.Angiographically proven CAD cases & 
controls matched for age & sex. 
EXCLUSION CRITERIA:  
Physiological : Pregnant women 
Cardiovascular : Acute MI, hemodynamically unstable,pts on statins, h/o CABG 
or PCI, pts with IDDM on insulin or significant renal failure. 
Systemic illness : Malignancy, HIV, Metabolic emergencies, poor general 
condition, other systemic illness. 
                        
                                             STUDY POPULATION  
        The study population included 40 patients who underwent elective coronary 
angiography in the Department of cardiology for evaluation of known or suspected 
CAD. 30 patients from general medical ward in Government General Hospital 
matched for age and sex without history of CAD or sysmptoms of cardiac diseases 
were taken as controls. This group of patients was subjected to TMT to rule out 
any ischemic heart disease. 
 
          These groups of patients were then subjected to carotid IMT measurement 
by ultrasound Doppler and aortic IMT measurement by TEE done in Barnard 
Institute of Radiology and Department Of Cardiology respectively. 
 
STUDY DESIGN: Cross sectional and analytical study. 
 
 
 
 
 
  
                                                 METHODOLOGY  
      Patients with angiographically proven CAD were subjected to carotid artery 
Doppler and transoesophageal echocardiography to measure IMT. Another group 
of patients without CAD also underewent carotid artery Doppler and TEE for 
measuring IMT. Both these groups were matched for age and sex. A history of  
myocardial infarction and stroke was assessed by asking patients whether they 
were ever hospitalized for any chest pain or paralysis. Any prior coronary 
revascularization was enquired about. Smoking and alcohol status was recorded; 
amount smoked was quantified in pack years. History of diabetes and 
hypertension, their duration and treatment history if present was noted among the 
cases. 
  
Tread mill test: Tread mill test was performed on the control group to rule out 
presence of any ischemic heart disease. The standard Bruce protocol was used 
since large diagnostic and prognostic data base has been published using this 
protocol. the Bruce multistage maximal treadmill  protocol has 3minutes periods to 
allow achievement of steady state before work load is increased. Patients were 
instructed not to eat or drink caffeinated beverages for 3hours before testing and to 
wear comfortable shoes and loose fitting clothes. Unusual physical exertion was 
avoided before testing. Patients were advised about the risks and benefits of the 
procedure. Written informed consent was obtained. Adequate skin preparation was 
done to obtain high quality recordings. The areas of electrode application are 
rubbed with alcohol pad to remove oil and rubbed with with free sand paper to 
reduce skin resistance to 5,000 ohms . Cables connecting the electrodes and 
recorders were light flexible and properly shielded. Room temperature was 
adjusted between 64 & 72 degree F and humidity less than 60%. Tread mill 
walking was demonstrated to the patients.  
           The heart rate, blood pressure and ECG were recorded at the end of each 
stage of exercise, immediately before and immediately after stopping exercise, at 
the onset of an ischemic response and for each minute for at least 5 to 10 mins in 
the recovery phase.  A minimum of 3leads were displayed continuously on the 
monitor during the test. Patients were at the sitting position immediately after the 
exertion.      The supine position was avoided because it increases end diastolic 
volume and has the potential to augment ST segment changes. 
TMT RESULTS INTERPRETATION 
Normal persons  
 In normal persons, PR, QRS and QT intervals shorten as the heart rate 
increases. P amplitude increases and PR segment becomes progressively more 
downsloping in the inferior leads. J point or junctional depression is the normal 
finding during exercise. 
 
Abnormal response 
 The development of 0.1 mV (1 mm) or greater of J point depression 
measured from the PQ junction with a relatively flat ST segment slope, depressed 
0.1 mV or more 80 m.sec after the J point (ST 80) in 3 consecutive beats with a 
stable baseline is considered to be an abnormal response. When the ST 80 
measurement is difficult, to determine at rapid heart rate (>130 beats/min), ST 60 
measurement is used.  
Workload 
 Work done during the exercise stress test is expressed in MET (Metabolic 
equivalents). 1 MET = 3.5 ml/O2/min/Kg of body weight. 
Exercise time  
 Exercise time is calculated in minutes. Each stage is consisted of 3 minutes  
Hypertension 
 Hypertensive response during treadmill was considered when systolic BP 
raised more than 214 mmHg. These types of patients are more prone to 
develop hypertension in the future.  
 
  
Coronary Angiography:  
       Coronary angiography was performed according to standard angiographic 
techniques. Coronary artery disease is defined as luminal narrowing of >30% as 
assessed by quantitative coronary arteriography. Frame selection for quantitative 
coronary angiography: coronary segments were analyzed in one angiographic 
view. Frames for analysis were selected by one investigator. Coronary segments 
were classified into four categories based on their location. The left main coronary 
artery was analyzed separately. Proximal parts of anterior descending left 
circumflex and right coronaries were considered as proximal segments. 
Midsegments comprised the midparts of the three main coronary arteries. All the 
segments distal to the midsegments and > 1.5mm in diameter were regarded as 
distal segments. Quantitative analysis of coronary angiograms: angiograms were 
analyzed with cardiovascular measurement system. 3.0 (medis, nuenen) coronary 
catheter diameter was used as calibration standard. Stenosis was considered to be 
present when first analysis indicated a diameter narrowing of >20%. 
Ultrasound examinations:  
        Ultrasound measurement of posterior wall of right and left common carotid 
artery below the bulb is done in a plaque free region with probe in a longitudinal 
plane. A mean of three measurements is taken in a 1cm segment in a 
nonneighbouring fashion on both sides. The frequency of probe used is 7.5mHz. 
Multiplane TEE was done using 5mHz probe using Aloka Prosound 4000 system 
as per protocol after informed consent. The ascending aorta, arch and the 
descending aorta were assessed in upper oesophageal views. Measurements of IMT 
were done in a plaque free region by taking a mean of three measurements taken 
each at ascending aorta, arch and descending thoracic aorta. 
 
Biochemical studies: 
         Blood samples were obtained on the day of admission after overnight fasting 
for analysis of total cholesterol, triglyceride, HDL cholesterol, and fasting sugar. 
LDL cholesterol was calculated  
 
Definition of risk factors:                                  
            Hypertension was defined as the current use of antihypertensive drugs or 
two readings of blood pressure of  > 140/90mm Hg.  
 
          Abnormal glucose regulation was defined as history of known  
diabetes or as a fasting plasma glucose > 126mg%. 
COMPETING INTEREST: NIL 
 FINANCIAL SUPPORT: NIL  
 
                                       STATISTICAL ANALYSIS  
       Statistical analysis was carried out for 70 participants [40 CAD patients, 30 
controls] after categorizing each variable. Base line data was collected from 
patients  with suspected or known CAD and controls. Age, sex, hypertension and 
diabetes status and duration, smoking in pack years, plasma LDL and HDL 
cholesterol and triglycerides,carotid and aortic IMT, angiography/treadmill test 
results  were analyzed.  
The significance of difference in means between two groups were 
analyzed using One way ANOVA F-test and the significance of difference in 
proportions by Chi-square test. Multiple comparisons were done by 
Bonferroni t-test. The correlation between IMT and severity of CAD was 
done by spearman’s  methods. 
 
        Statistical significance was taken when p value < 0.05. Statistical analysis was 
carried out using standard formulae. Microsoft excel 2003 and SPSS (statistical 
package for social sciences) version 13 software was used for data entry and 
analysis 
  
  
 
 
 
 
 
 
 
OBSERVATIONS 
 
                                                    
                                                   OBSERVATIONS  
Population characteristics : 
 
                                       Cases(40)      Controls(30) 
Age(yrs)                        51.7_+8.3           52.2+7.07 
Men/Women                  38/2                      28/2 
Diabetics              16(40%)                  nil 
Hypertensives           19(47.5%)                nil 
Smokers             15(37.5%)                 nil 
LDL cholesterol(mg/dl) 123.1+12.9            116+9.9 
HDL cholesterol(mg/dl)  42.07+3.6            46.9+4.03  
Triglycerides(mg/dl)     156.6+21.5            134.1+47.9 
Positive exercise test     100%                       none 
 
In our study a significant association was found between CAD & Carotid & 
Aortic Intimal Medial Thickness. 
  
 
Comparison of Carotid IMT among cases and controls 
 
GROUP >0.89 mm <0.89mm TOTAL 
Cases  24 16 40 
Control 2 28  30 
 26 44 70 
(P = 0.00000) 
 
 
Comparison of Aortic IMT among cases and controls 
 
GROUP >1.0mm <1.0mm TOTAL 
Cases  19 21 40 
Control 1 29  30 
 20 50 70 
(P = 0.00005) 
        Though an increased carotid & aortic IMT was found in diabetics more 
frequently than non diabetics, the association was not statistically significant (P > 
0.05). 
Comparison of Carotid IMT among diabetics  
and non-diabetic in cases 
 
 <0.89mm >0.89mm TOTAL 
Diabetics 5 11 16 
Non-Diabetics 11 13  24 
 16 24 40 
(P = 0.35636) 
Comparison of Aortic IMT among diabetics & non-diabetic in cases 
 <1.0mm >1.0mm TOTAL 
Diabetics 6 10 16 
Non-Diabetics 15 9  24 
 21 19 40 
(P = 0.12087) 
 
An increased Carotid / Aortic IMT was more common among hypertensives  
but association was not statistically significant. 
Comparison of Carotid IMT among Hypertensives & Normotensives in 
cases 
 <0.89mm >0.89mm TOTAL 
Hypertensive  5 14 19 
Normotensive 11 10 21 
 16 24 40 
(P = 0.09288) 
 
 
Comparison of Aortic IMT among Hypertensives & Normotensives in 
cases 
 
 <1.0mm >1.0mm TOTAL 
Hypertensive 7 12 19 
Normotensive 14 7 21 
 21 19 40 
(P = 0.05926) 
An increased Carotid / Aortic IMT was more frequent among smokers but 
the association was not statistically significant. 
Comparison of Carotid IMT among Smokers & Non-smokers inCases 
 <0.89mm >0.89mm TOTAL 
Smokers 5 10 15 
Non-smokers 11 14 25 
 16 24 40 
(P = 0.50499) 
 
 
Comparison of Aortic IMT among smokers & Non-smokers in cases 
 <1.0mm >1.0mm TOTAL 
Smokers 9 6 15 
Non-smokers 12 13 25 
 21 19 40 
(P = 0.46187) 
 
 
A statistically significant association was found among high LDL, low HDL 
& high triglycerides and increased Carotid / Aortic IMT. 
Comparison of Carotid IMT among High & Low LDL groups 
LDL >0.89mm <0.89mm TOTAL 
<130mg% 6 40 46 
>130mg% 19 5 24 
 25 45 70 
(P = 0.00312) 
 
 
Comparison of Carotid IMT among High & Low HDL groups 
 
HDL 
>0.89mm 
<0.89mm TOTAL 
>40mg% 18 42 60 
<40mg% 8 2 10 
 26 44 70 
(P = 0.00245) 
 
Comparison of Carotid IMT among High & Low Triglyceride group 
 
TG >0.89mm <0.89mm TOTAL 
<150mg% 8 38 46 
>150mg% 18 6 24 
 26 44 70 
    (P = 0.00000) 
 
 
Comparison of Aortic IMT among High & Low LDL groups 
 
LDL >1.0mm <1.0mm TOTAL 
<130mg% 7 39 32 
>130mg% 17 7 38 
 20 50 70 
(P = 0.00486) 
 
 
Comparison of Aortic IMT among High & Low HDL groups 
 
HDL >1.0mm <1.0mm TOTAL 
>40mg% 12 48 60 
<40mg% 8 2 10 
 20 50 70 
(P = 0.00010) 
 
 
 
Comparison of Aortic IMT among High & Low TG groups 
 
TG >1.0mm <1.0mm TOTAL 
<150mg% 5 41 46 
>150mg% 15 9 24 
 20 50 70 
(P=0.00001) 
 
The average IMT was observed to be increasing with age in both cases and 
control and there was a statistically significant association between age and IMT. 
 
Comparison of Carotid IMT among various age groups in cases and 
controls 
CAROTID IMT (mm) 
CASES CONTROL 
AGE 
GROUP 
MEAN SD MEAN SD 
<50 yrs 0.70 0.18 0.67 0.06 
50-59 yrs 0.87 0.16 0.70 0.05 
60-69 yrs 0.93 0.07 0.78 0.12 
>70 yrs 1.02 0.04 0.86 0 
 Comparison of Aortic IMT among various age groups in cases  
and controls 
 
AORTIC IMT(mm) 
CASES CONTROL 
AGE 
GROUP 
MEAN SD MEAN SD 
<50 yrs 0.95 0.13 0.70 0.05 
50-59 yrs 1.01 0.13 0.77 0.05 
60-69 yrs 1.06 0.05 0.81 0.09 
>70 yrs 1.14 0.04 1.02 0 
 
 
 
 
 Association of age with Carotid IMT 
 
CAROTID IMT(mm) AGE 
GROUP <0.89mm >0.89mm 
TOTAL 
<50 yrs 22 7 29 
50-59 yrs 19 12 31 
60-69 yrs 3 4 7 
>70 yrs  3 3 
 44 26 70 
(P = 0.03826) 
 
 
 
 Association of age with Aortic IMT 
 
AORTIC IMT AGE 
GROUP <1.0mm >1,0mm 
TOTAL 
<50 yrs 24 5 29 
50-59 yrs 22 9 31 
60-69 yrs 4 5 7 
>70 yrs  3 3 
 50 20 70 
(P = 0.01833) 
 
 
 
 
 
There was no statistically significant association between severity of CAD/ 
no. of vessels involved and Carotid / Aortic IMT. 
Association of severity of CAD with Carotid IMT 
 
CAROTID IMT 
CAD 
<0.89mm >0.89mm 
TOTAL 
SVD 6 6 12 
DVD 3 9 12 
TVD 7 9 16 
 16 24 40 
(P = 0.42343) 
 
 
 
 Association of severity of CAD with Aortic IMT 
 
 
(P = 0.47543) 
 
 
AORTIC IMT 
CAD 
<1.0mm >1,0mm 
TOTAL 
SVD 6 6 12 
DVD 8 4 12 
TVD 7 9 16 
 21 19 40 
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DISCUSSION 
                                            DISCUSSION 
  
             In our study we have found a significant correlation between CAD and 
intimal medial thickness in common carotid and thoracic aorta. We also found a 
significant correlation between high LDL, low HDL and high triglycerides which 
is in keeping with the well established role of abnormal lipid profile in 
atherosclerosis. A significant relation was found between age and IMT.IMT seems 
to increase with age. Though we found diabetics, hypertensives and smokers to 
have an increased IMT more frequently a significant association could not be 
found. There have been several other studies documenting positive correlation 
between CAD & IMT. 
 
            B-mode ultrasound of carotid arteries offers the potential for effective early 
evaluation of atherosclerotic changes such as thickening of intima media 
complex.53 According to the findings presented by Glagov et al,55 great increases in 
wall thickness due to atherosclerosis may be seen in carotid and coronary arteries 
before a decrease in lumen diameter occurs and stenosis develops. 
Angiographically determined atherosclerosis in coronary arteries is a measurement 
of residual lumen or relative stenosis and not wall thickness, thus reflecting a more 
late phase phenomenon of coronary atherosclerosis. Therefore it is to be expected 
that ultrasound and coronary angiography yield different findings in early 
development of atherosclerosis.53 Kallikazaros et al found that there is a close 
association between asymptomatic carotid and aortic atherosclerotic plaque. The 
prevalence of aortic plaque increased as the degree of carotid atherosclerosis 
increased, suggesting that in cardiac patients, the ascending aorta was the part most 
exposed to early asymptomatic atherosclerosis.64 
           Atherosclerosis is a generalized process that may involve the entire 
vasculature. Although it mainly manifests itself in medium-sized vessels, it is also 
present in the great vessels, such as the thoracic or abdominal aorta and the carotid 
artery.69 Autopsy and epidemiological studies have clearly demonstrated an 
association between carotid atherosclerosis and aortic atherosclerosis with 
CAD15,16,69 Noninvasive measurements of carotid IMT by using high-resolution B-
mode ultrasound scan have been suggested as a surrogate marker for coronary 
atherosclerosis for use in clinical trials.3,65,67,68,70 Recently, the Atherosclerosis Risk 
in Communities study16 and the Rotterdam study15 reported that carotid IMT is a 
noninvasive predictor of future cardiovascular events.It has recently been reported 
that in patients being evaluated for chest pain, the presence of carotid disease is 
significantly related to the presence of severe CAD. TEE has become a unique 
ultrasound tool that allows improved visualization of the aorta because of its 
proximity to the esophagus. Increased thickness and complexity of aortic plaques 
as visualized by TEE have been recently associated with a high incidence of 
coronary events.66,72 Kallikazaros et al noticed that the presence of asymptomatic 
carotid atherosclerotic plaques could indicate the presence of aortic atherosclerotic 
plaques in cardiac patients undergoing TEE, whereas the absence of carotid 
plaques may not reflect the absence of aortic plaques.64 1985, Bots et al13 reported 
that among elderly women with roentgenographically determined atherosclerotic 
plaque in the abdominal aorta, the ultrasonographically determined IMT of the 
distal common carotid artery was increased. In contrast, Giral et al72did not find 
any relationship between carotid and aortic plaque by assessing 
hypercholesterolemic men. 
 
            Reliance on coronary angiography as a valid measurement of coronary 
atherosclerosis extent and severity may lead to a lack of accuracy and 
reproducibility.53 In several studies56-59 the number of diseased coronary vessels 
involved and the modified Gensini60 score have been used to maximize 
reproducibility. Wofford et al56 found a strong relation between extent of carotid 
atherosclerosis as measured by B-mode ultrasound, and the extent of coronary 
atherosclerosis as measured by visual interpretation of coronary angiography. 
Adams et al57 concluded that carotid IMT and angiographically assessed extent and 
severity of CAD are only weakly correlated. Quantity angiography was developed 
to further improve the accuracy and reproducibility. A change in 20% of diameter 
stenosis has been shown by Syvanne et al54 to represent true progression or 
regression of coronary atherosclerosis with > 95% confidence in quantitative 
coronary angiography. Thus it is possible to study the formation and growth of 
relatively early lesions in coronary arteries with quantitative coronary 
angiography.53 Herrington et al63 examined 86 patients with B-mode score and 
quantitative coronary angiography (percent stenosis ) and found a correlation 
coefficient (r value) of 0.27. Further in a report from Cholesterol Lowering 
Atherosclerosis Study (CLAS), Blankenhorn et al73 demonstrated that carotid 
artery IMT significantly correlated with carotid angiographic vessel edge 
roughness.  
 
           There is a significant association between IMT and CAD but the correlation 
coefficient remains rather moderate even when using refined computer assisted 
scoring suggesting there are different factors that influence carotid and coronary 
arteries.53 Marit graner et al53 were the first to show association among maximum 
and mean IMT values, and quantitative angiographic indices for proximal, mid and 
distal coronary segments differed. 
  
           Epidemiologic have shown significantly increased risk for a cardiovascular 
event even among those with an IMT of  >1mm.68 Marit graner et al also found a 
sharp increase in CAD severity in subjects with IMTs in quartiles higher than the 
first, corresponding to a maximum IMT of 1.16mm and a mean IMT of  > 0.91.In 
our study we could not find any association between severity of CAD and 
carotid/aortic IMT.53 
 
 
 
 
 
  
 
 
  
 
 
 
SUMMARY AND  
  CONCLUSIONS 
 
 
 
 
 
 
 
  
                                                SUMMARY  
          
1.   40 angiographically proven CAD cases and 30 age and sex matched controls  
   without CAD or risk factors were taken for study. 
2.   History of diabetes and hypertension was documented and fasting lipid profile  
       was done for the subjects. 
3.   They were subjected to Doppler ultrasonography of carotid and    
       transesophageal echocardiography for measurement of carotid and aortic  
       intimal medial thickness respectively. 
4.   22 (55%) and 19(47.5%)  cases had significantly increased carotid  and  
       aortic  intima media thickness respectively.  
5.   Only 2(6.6%) and 1(3.3%)  controls had increased carotid and aortic  intima  
  media thickness respectively.  
6.   There was a statistically significant association between intima media  
  thickness and coronary artery disease. 
7.   Increased intima media thickness was seen more frequently in diabetics,  
  hypertensives and smokers but their association was not statistically  
       signinificant. 
8.   A statistically significant association was found between abnormal lipid  
   profile and increased intima media thickness. 
9.    An average carotid IMT of 0.67, 0.70, 0.78 and 0.86 mm and an average  
   aortic IMT of 0.7, 0.77, 0.81 and 1.02 mm was seen in age groups of  <50,   
   0-59, 60-69 and >70 years respectively. 
10.    A significant association was found between age and intima media thickness. 
 
 
 
 
 
 
 
 
 
 
                                           
 
 
 
  
                                                 CONCLUSIONS 
 
1. Carotid and Aortic intimal medial thickness is increased among CAD patients              
and can be used as a non invasive marker of coronary atherosclerosis. 
 
2. Age is directly related to intimal medial thickness and it increases with  age. 
 
3. Abnormal lipid profile correlates with increased intimal thickness and might be 
possibly used as tool to follow up patients on hypolipidemic drugs. 
 
4. Presence of diabetes, hypertension or smoking does not seem to affect intimal 
medial thickness. 
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                                           PROFORMA 
Name : 
Age: 
Sex: 
Occupation: 
OP No: 
Address: 
Symptoms :         h/o angina and duration  
                            h/o dyspnea and duration. 
                            h/o sweating, nausea, vomiting 
                            history suggestive of congestive heart failure at present 
or any time in the past. 
H/o CAD or stroke in the past 
H/o revascularization if any in the past. 
H/o any renal disease.   
Pregnant (females) at present Y/N. 
H/o any malignancy, immunocompromised state, systemic illness or any 
metabolic emergency. 
Diabetes Y/N.  Duration and treatment history if present 
Hypertension Y/N. Duration and treatment history if present. 
Smoker Y/N. h/o smoking in pack years if a smoker. 
Drugs on use:     Lipid lowering drugs. 
                           Beta blockers. 
                           Asprin 
                           Diuretics 
                           Antidiabetic drugs 
                           Antihypertensives. 
Family h/o DM/HT/CAD/CVA 
EXAMINATION 
Pulse               peripheral pulses           temperature 
BP(upper and lower limbs)                  Resp rate 
CVS              RS            Abd             CNS      
INVESTIGATIONS              
Blood glucose( fasting and post prandial) 
Fasting lipid profile: TC      TGL     HDL       LDL 
ECG 
Exercise stress test 
Coronary angiography 
Carotid Doppler for IMT 
TEE for Aortic IMT 
 
 
 
 
 
 
 
                   
 
 
 
 
ypertension Smoking LDL HDL TG Alcohol CAD 
Left 
Main LAD LCX RCA Carotid  (mm) 
Aorta 
(mm) 
yrs under 
reatment  108 44 120  TVD Normal  Mid 95% Mid 85% Diffuse R-0.54, L-0.56 0.96 
 120 45 135 
6yrs 
Occasional SVD Normal  Mid 85% Normal Normal R-0.61, L-0.64 0.87 
yrs under 
eatment  136 42 179  TVD Normal  Mid 90% Mid 90% Mid 75% R-0.82, L-0.79 1.1 
yrs under 
eatment 
15yrs (2 pack 
- yr) 156 36 176  TVD Normal  Proximal Mid Proximal R-1.1, L-1.0 1.12 
yrs under 
eatment 
10yrs (2 pack 
- yr) 110 41 164  DVD Normal  Normal 
Prox 
100% Diffuse R-0.7, L-0.74 0.96 
 114 44 150  SVD Normal  Mid 70% Normal Normal  R-0.8,  L-0.9 0.94 
yr irregular 
eatment  133 39 190  TVD Normal  Prox/Mid Mid Mid R-0.9,  L-0.9 1.14 
yrs under 
eatment  160 38 183  TVD Normal  Proximal Mid Proximal R-1.1,  L-1.0 1.2 
 148 45 141  TVD 
Distal 
50% Proximal Proximal Prox/Mid R-1.2,  L-0.8 1.09 
 117 44 127  SVD Normal  Normal Normal Mid 95% R-0.6,  L-0.7 0.9 
0yr irregular 
eatment 
10yrs (1 pack 
- yr) 114 47 124  TVD Normal  Mid Proximal Prox R-0.9, L-0.9 0.91 
8yrs (1 pack 
- yr) 127 45 140  TVD Normal  Mid Proximal 
Dista 
100/L R-0.6, L-0.7 0.81 
10yrs (1 pack 
- yr) 122 44 129  TVD Normal  Proximal Mid Prox R-0.5  L-0.6 0.79 
yr irregular 
eatment  126 40 175  DVD Normal  Proximal Mid Normal R-0.9 , L-1.4 0.99 
 113 43 144  TVD Normal  Proximal Proximal Mid 70% R-1.0 , L-0.99 1.11 
 117 45 138  SVD Normal  Mid 80% Normal Normal R-0.6 , L-0.6 1.1 
yr no 
eatment  126 36 174  TVD Normal  
Distal 
Diffuse 
Prox 
90% 
Prox & 
Mid R-1.2 , L-0.8 1.24 
 113 44 157 Occasional DVD Normal  
Prox 
85% Normal 
Prox 
80% R-0.7 , L-0.7 0.93 
 107 46 134  SVD Normal  Mid 75% Normal Normal R-0.6 , L-0.6 0.91 
yr under 
eatment  134 38 181  Minimal Normal  
Prox 
irregular Normal Irregular R-0.7 , L-0.8 0.86 
 102 46 126 Occasional TVD 
Distal 
50% 
Mid 
100% Minimal Mid 90% R-0.5 , L-0.5 0.82 
yr under 
eatment  120 42 178  TVD Normal  
Diffuse 
Prox/Mid 
Diffuse 
Prox/Mid Prox/Mid R-0.71, L-0.71 0.82 
 108 46 161  DVD Normal  Mid 70%  Mid R-0.6 , L-0.5 0.84 
10yrs (1 pack 120 41 144  TVD Normal  Prox Diffuse Prox R-0.5 , L-0.6 0.91 
- yr) 100% 100% 
ypertension Smoking LDL HDL TG Alcohol CAD 
Left 
Main LAD LCX RCA Carotid  (mm) 
Aorta 
(mm) 
15yrs (1 pack 
- yr) 114 44 126  SVD Normal  
Prox 
100% Normal Normal R-0.6 , L-0.5 0.88 
 121 40 146  SVD Normal  
Prox 
70% Normal Normal R-0.5 , L-0.4 0.75 
yrs irregular 
eatment 
10yrs (1 pack 
- yr) 118 44 131  DVD Normal  
Prox 
100% Normal Mid 70% R-1.1 , L-0.94 0.92 
yrs irregular treatment 130 39 180  TVD 
Distal 
50% Prox/Mid Proximal Prox R-1.0 , L-1.04 1.16 
0yrs no 
eatment  119 44 151  DVD Normal  Proximal Mid Normal R-0.91, L-0.94 1 
 128 40 163  DVD Normal  Proximal Normal 
Mid 
Diffuse R-0.98, L-0.90 1.09 
yrs under 
eatment 
20yrs (1 pack 
- yr) 134 36 189 10yrs daily SVD Normal  
Prox 
80% Normal Normal R-0.9 , L-0.9 1.01 
 128 36 177  DVD Normal  
Prox 
80% Mid 70% Normal R-1.0 , L-0.9 1.09 
yrs on 
eatment  119 41 168 10yrs SVD Normal  Mid 80% Normal Normal R-0.9,  L-0.9  1.16 
yrs on 
eatment 
12 yrs (1 
pack yr) 140 35 186  TVD Prox Prox Prox Mid R-0.99, L-0.99 1.09 
10yrs (2 pack 
- yr) 121 41 164 10yrs DVD Normal  Mid Mid Normal R-0.7 , L-1.0 0.94 
yrs not on 
eatment 
10yrs (1 pack 
- yr) 131 42 158  SVD Normal  Normal 
Prox 
80% Normal R-1.1 , L-1.0 1.16 
20yrs (1 pack 
- yr) 137 50 149  SVD Normal  Normal Normal 
Prox 
90% R-0.7 , L-1.0 1.09 
yrs on 
eatment  140 41 187  DVD Normal  
Prox 
75% Mid 80% Normal R-1.0 , L-1.0 1.2 
25yrs (1pack 
yr) 134 47 164  SVD Normal  Normal Normal Mid 90% R-1.0 , L-0.9 1 
15 yrs (1 
pack yr) 128 41 159  DVD Normal  Prox Prox Normal R-0.78,  L-082 0.82 
HT Smoking Alcohol LDL HDL TMT TG Carotid Aorta 
il nil nil 110 48 negative 141 R-0.67,  L-0.70 0.71 
il nil nil 118 46 negative 129 R-0.68 ,  L-0.7 0.81 
il nil nil 129 42 negative 145 R-0.78,   L-0.61 0.77 
il nil Occasional 121 54 negative 131 R-0.68 ,  L-0.72 0.71 
il nil nil 118 57 negative 151 R-0.7,    L-0.72 0.82 
il nil nil 111 46 negative 142 R-0.56,  L-0.71 0.74 
il nil nil 123 49 negative 140 R-0.60,  L-0.70 0.72 
il nil nil 121 45 negative 135 R-0.64,  L-0.80 0.84 
il nil nil 119 44 negative 129 R-0.66,  L-0.68 0.71 
il nil Occasional 120 44 negative 137 R-0.64,  L-0.74 0.7 
il nil Occasional 105 48 negative 131 R-0.56,  L-0.69 0.69 
il nil nil 129 41 negative 156 R-0.61,  L-0.71 0.83 
il nil nil 118 46 negative 139 R-0.74,  L-0.67 0.79 
il nil nil 109 45 negative 141 R-0.74 , L-0.79 0.72 
il nil Occasional 128 40 negative 154 R-0.81,  L-0.80 0.79 
il nil nil 131 42 negative 149 R-0.78,  L-0.74 0.79 
il nil nil 129 46 negative 144 R-0.71 , L-0.69 0.79 
il nil nil 128 48 negative 129 R-0.81   L-0.91 1.02 
il nil nil 121 44 negative 119 R-0.96,  L-0.90 0.92 
il nil Occasional 119 47 negative 129 R-0.71 , L-0.61 0.79 
il nil nil 106 48 negative 115 R-0.74 , L-0.60 0.69 
il nil nil 94 49 negative 107 R-0.61,  L-0.6 0.64 
il nil nil 107 46 negative 129 R-0.72,  L-0.7 0.71 
il nil nil 101 55 negative 114 R-0.62,  L-0.7 0.61 
il nil nil 98 49 negative 119 R-0.61,  L-0.6 0.69 
il nil nil 107 51 negative 129 R-0.74,  L-0.67 0.7 
il nil nil 120 41 negative 144 R-0.79,  L-0.84 0.81 
il nil nil 117 46 negative 129 R-0.69,  L-0.74 0.71 
il nil nil 109 48 negative 131 R-0.59,  L-0.71 0.64 
il nil nil 114 53 negative 134 R-0.65   L-0.66 0.79 
